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CONTROLLED-RELEASE CNS
MODULATING COMPOSITIONS AND
METHODS FOR THE TREATMENT OF OTIC
DISORDERS

CROSS-REFERENC.

L1l

This application 1s a continuation of U.S. patent applica-
tion Ser. No. 15/091,148, filed Apr. 5, 2016, which 1s a
continuation of U.S. patent application Ser. No. 14/300,011,
filed Jun. 9, 2014, now U.S. Pat. No. 9,333,171, 1ssued May
10, 2016, which 1s a continuation of U.S. patent application
Ser. No. 13/425,217, filed Mar. 20, 2012, now U.S. Pat. No.
8,852,626, 1ssued Oct. 7, 2014, which 1s a continuation of
U.S. patent application Ser. No. 12/494,156, filed Jun. 29,
2009 (now abandoned), which claims the benefit of U.S.
Provisional Application No. 61/076,567, filed 27 Jun. 2008;
U.S. Provisional Application No. 61/082,450, filed 21 Jul.
2008; U.S. Provisional Application No. 61/094,384, filed 4
Sep. 2008; U.S. Provisional Application No. 61/101,112,
filed 29 Sep. 2008; U.S. Provisional Application No. 61/140,
033, filed 22 Dec. 2008; U.S. Provisional Application No.
61/164,812, filed 30 Mar. 2009; and UK Patent Application
No. 0907070.7, filed Apr. 24, 2009; all of which are incor-

porated herein 1n their entirety.

BACKGROUND OF THE INVENTION

Vertebrates have a pair of ears, placed symmetrically on
opposite sides of the head. The ear serves as both the sense
organ that detects sound and the organ that maintains
balance and body position. The ear 1s generally divided 1nto
three portions: the outer ear, auris media (or middle ear) and
the auris interna (or nner ear).

SUMMARY OF THE INVENTION

Described herein, 1n certain embodiments, are composi-
tions, compositions, manufacturing methods, therapeutic
methods, uses, kits, and delivery devices for the controlled-
release of at least one CNS modulating agent to at least one
structure or region of the ear. Disclosed herein, 1n certain
embodiments, are controlled-release compositions for deliv-
ering a CNS modulating agent to the ear. In some embodi-
ments, the target portion of the ear 1s the middle ear (or auris
media). In some embodiments, the target portion of the ear
1s the inner ear (or auris interna). In other embodiments, the
target portion of the ear 1s both the auris media and the auris
interna. In some embodiments, the controlled-release com-
positions further comprise a rapid or immediate release
component for delivering a CNS modulating agent to the
targeted auris structure. All compositions comprise excipi-
ents that are auris-acceptable.

Also disclosed herein, 1n certain embodiments, are com-
positions and devices for the treatment of otic disorders, said
compositions and devices comprising a CNS modulating
agent. Further disclosed herein, 1n certain embodiments, are
methods for the treatment of otic disorders by administration
of a controlled-release composition comprising a CNS
modulating agent to an individual 1n need thereof. In some
embodiments, the otic disorder 1s endolymphatic hydrops,
kinetosis, labyrinthitis, mal de debarquement, Meniere’s
disease, Meniere’s syndrome, Ramsay Hunt’s syndrome
(Herpes zoster infection), recurrent vestibulopathy, tinnitus,
vertigo, microvascular compression syndrome, utricular
dysftunction, vestibular neuronitis, benign paroxysmal posi-
tional vertigo, or combinations thereof.
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The auris compositions and therapeutic methods
described herein have numerous advantages that overcome
the previously-unrecognized limitations ol compositions
and therapeutic methods described 1n prior art.

Sterility

The environment of the inner ear 1s an 1solated environ-
ment. The endolymph and the perilymph are static fluids and
are not 1 contiguous contact with the circulatory system.
The blood-labyrinth-barrier (BLLB), which includes a blood-
endolymph barrier and a blood-perilymph barrier, consists
of tight junctions between specialized epithelial cells 1n the
labyrinth spaces (1.e., the vestibular and cochlear spaces).
The presence of the BLB limits delivery of active agents
(e.g., CNS modulating agents, aural pressure modulators,
antimicrobials) to the 1solated microenvironment of the
inner ear. Auris hair cells are bathed 1n endolymphatic or
perilymphatic fluids and cochlear recycling of potassium
ions 1s 1important for hair cell function. When the nner ear
1s infected, there 1s an intlux of leukocytes and/or immuno-
globulins (e.g. 1n response to a microbial infection) mnto the
endolymph and/or the perilymph and the 1onic composition
of 1nner ear tluids 1s upset by the intlux of leukocytes and/or
immunoglobulins. In certain instances, a change 1n the 1onic
composition of mner ear tluids results in hearing loss, loss
of balance and/or ossification of auditory structures. In
certain 1nstances, trace amounts of pyrogens and/or
microbes trigger 1nfections and related physiological
changes 1n the isolated microenvironment of the inner ear.

Due to the susceptibility of the inner ear to infections,
auris compositions require a level of sterility that has not
been recognized hitherto in prior art. Provided herein are
auris compositions that are sterilized with stringent sterility
requirements and are suitable for administration to the
middle and/or inner ear. In some embodiments, the auris
compatible compositions described herein are substantially
free of pyrogens and/or microbes.

Compatibility with Inner Ear Environment

Described herein are otic compositions with an 1onic
balance that 1s compatible with the perilymph and/or the
endolymph and does not cause any change in cochlear
potential. In specific embodiments, osmolarity/osmolality of
the present compositions 1s adjusted, for example, by the use
of appropriate salt concentrations (e.g., concentration of
sodium salts) or the use of tonicity agents that render the
compositions endolymph-compatible and/or perilymph-
compatible (1.e. 1sotonic with the endolymph and/or peri-
lymph). In some instances, the endolymph-compatible and/
or perilymph-compatible compositions described herein
cause minimal disturbance to the environment of the mnner
car and cause minimum discomifort (e.g., vertigo) to a
subject (e.g., a human) upon administration. Further, the
compositions comprise polymers that are biodegradable
and/or dispersible, and/or otherwise non-toxic to the inner
car environment. In some embodiments, the compositions
described herein are free of preservatives and cause minimal
disturbance (e.g., change in pH or osmolarity, 1rritation) 1n
auditory structures. In some embodiments, the compositions
described herein comprise antioxidants that are non-irritat-
ing and/or non-toxic to otic structures.

Dosing Frequency

The current standard of care for auris compositions
requires multiple administrations of drops or injections (e.g.
intratympanic injections) over several days (e.g., up to two
weeks), including schedules of receiving multiple 1njections
per day. In some embodiments, auris compositions described
herein are controlled-release compositions and are admin-
istered at reduced dosing frequency compared to the current
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standard of care. In certain instances, when an auris com-
position 1s administered via intratympanic injection, a
reduced frequency ol administration alleviates discomiort
caused by multiple mtratympanic mjections in individuals
undergoing treatment for a middle and/or inner ear disease,
disorder or condition. In certain instances, a reduced fre-
quency of administration of intratympanic 1injections
reduces the risk of permanent damage (e.g., perforation) to
the tympanic membrane. The compositions described herein
provide a constant, sustained, extended, delayed or pulsatile
rate of release of an active agent into the inner ear environ-
ment and thus avoid any variability mn drug exposure in
treatment of otic disorders.
Therapeutic Index

Auris compositions described herein are administered
into the ear canal, or in the vestibule of the ear. In some
embodiments, access to the vestibular and cochlear appara-
tus occurs through the auris media (e.g., the round window
membrane, the oval window/stapes footplate, the annular
ligament and through the otic capsule/temporal bone). Otic
administration of the compositions described herein avoids
toxicity associated with systemic administration (e.g., hepa-
totoxicity, cardiotoxicity, gastrointestinal side eflects, renal
toxicity) of the active agents. In some 1nstances, localized
administration 1n the ear allows an active agent to reach a
target (e.g., the inner ear) 1n the absence of systemic accu-
mulation of the active agent. In some instances, local
administration to the ear provides a higher therapeutic index
for an active agent that would otherwise have dose-limiting
systemic toxicity.
Prevention of Drainage into Eustachian Tube

In some 1nstances, a disadvantage of liquid compositions
1s their propensity to drip into the eustachian tube and cause
rapid clearance of the composition from the inner ear.
Provided herein, 1n certain embodiments, are auris compo-
sitions comprising polymers that gel at body temperature
and remain 1n contact with the target auditory surfaces (e.g.,
the round window) for extended periods of time. In some
embodiments, the compositions further comprise a mucoad-
hesive that allows the compositions to adhere to ofic
mucosal surfaces. In some 1nstances, the auris compositions
described herein avoid attenuation of therapeutic benefit due
to drainage or leakage of active agents via the eustachian
tube.

DESCRIPTION OF CERTAIN EMBODIMENTS

Described herein, 1n certain embodiments, are controlled-
release compositions and devices for treating otic disorders
comprising a therapeutically-eflective amount of a CNS
modulating agent, a controlled-release auris-acceptable
excipient and an auris-acceptable vehicle. In one aspect, the
controlled-release auris-acceptable excipient 1s chosen from
an auris-acceptable polymer, an auris-acceptable viscosity
enhancing agent, an auris-acceptable gel, an auris-accept-
able paint, an auris-acceptable foam, an auris-acceptable
microsphere or microparticle, an auris-acceptable hydrogel,
an auris-acceptable in situ forming spongy material, an
auris-acceptable actinic radiation curable gel, an auris-ac-
ceptable liposome, an auris-acceptable nanocapsule or nano-
sphere, an auris-acceptable thermoreversible gel or combi-
nations thereof. In further embodiments, the auris-
acceptable viscosity enhancing agent 1s a cellulose, a
cellulose ether, alginate, polyvinylpyrrolidone, a gum, a
cellulosic polymer or combinations thereof. In yet another
embodiment, the auris-acceptable viscosity enhancing agent
1s present 1n an amount suflicient to provide a viscosity of
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between about 1000 to about 1,000,000 centipoise. In still
another aspect, the auns-acceptable V1sCOsity enhancmg
agent 1s present 1n an amount sutlicient to provide a viscosity
ol between about 50,000 to about 1,000,000 centipoise.

In some embodiments, the compositions disclosed herein
are formulated for a pH that ensures that they are compatible
with the targeted auris structure. In some embodiments, the
compositions disclosed herein are formulated for a practical
osmolality and/or osmolarity that ensures that homeostasis
of the target auris structure 1s maintained. A perilymph-
suitable osmolarity/osmolality 1s a practical osmolarity/os-
molality that maintains the homeostasis of the target auris
structure during administration of the pharmaceutical com-
positions described herein.

For example, the osmolarity of the perilymph 1s between
about 270-300 mOsm/L. and the compositions described
herein are optionally formulated to provide a practical
osmolarity of about 150 to about 1000 mOsm/L. In certain
embodiments, the compositions described herein provide a
practical osmolarity within about 130 to about 300 mOsm/L
at the target site of action (e.g., the mner ear and/or the
perilymph and/or the endolymph). In certain embodiments,
the compositions described herein provide a practical osmo-
larity within about 200 to about 400 mOsm/L at the target
site of action (e.g., the inner ear and/or the perilymph and/or
the endolymph). In certain embodiments, the compositions
described herein provide a practical osmolarity within about
250 to about 320 mOsm/L at the target site of action (e.g.,
the 1mnner ear and/or the perilymph and/or the endolymph). In
certain embodiments, the compositions described herein
provide a perilymph-suitable osmolarity within about 130 to
about 500 mOsm/L, about 200 to about 400 mOsm/L or
about 230 to about 320 mOsm/L at the target site of action
(e.g., the mner ear and/or the perilymph and/or the endo-
lymph). In certain embodiments, the compositions described
herein provide a perilymph-suitable osmolality within about
150 to about 500 mOsm/kg, about 200 to about 400 mOsm/
kg or about 250 to about 320 mOsm/kg at the target site of
action (e.g., the mner ear and/or the perilymph and/or the
endolymph). Similarly, the pH of the perilymph 1s about
7.2-7.4, and the pH of the present compositions 1s formu-
lated (e.g., with the use of buflers) to provide a perilymph-
suitable pH of about 3.5 to about 9.0, about 6.0 to about 8.0
or about 7.0 to about 7.6. In certain embodiments, the pH of
the compositions 1s within about 6.0 to about 7.6. In certain
instances, the pH of the endolymph 1s about 7.2-7.9, and the
pH of the present compositions 1s formulated (e.g., w1th the
use ol buflers) to be within about 5.5 to about 9.0, within
about 6.5 to about 8.0 or withun about 7.0 to about 7.6.

In some aspects, the controlled-release auris-acceptable
excipient 1s biodegradable and/or bioeliminated (e.g.,
degraded and/or eliminated through urine, feces or other
routes of elimination). In another aspect, the controlled-
release composition further comprises an auris-acceptable
mucoadhesive, an auris-acceptable penetration enhancer or
an auris-acceptable bioadhesive.

In one aspect, the controlled-release composition 1s deliv-
ered using a drug delivery device, which 1s a needle and
syringe, a pump, a microinjection device, and in situ forming
spongy material or combinations thereof. In some embodi-
ments, the CNS modulating agent of the controlled-release
composition has limited or no systemic release, 1s toxic
when administered systemically, has poor pK characteris-
tics, or combinations thereof.

In some embodiments, the CNS modulating agent is a
CNS 1nhibitory agent. In some embodiments, the CNS
inhibitory agent inhibits the transmission of a nerve impulse.
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In some embodiments, the CNS 1nhibitory agent inhibits the
release of a neurotransmitter. In some embodiments, the
CNS 1nhibitory agent agonizes the activity of a GABA
receptor. In some embodiments, the CNS inhibitory agent
partially or fully inhibits the repolarization of a neuron. In
some embodiments, the CNS inhibitory agent disrupts the
conduction of an 1on channel.

In some embodiments, the CNS modulating agent 1s an
antthistamine, a GABA receptor modulator, a neurotrans-
mitter reuptake inhibitor, a local anesthetic, an anticholin-
ergic, a sodium channel blocker, a calcium channel blocker,
a thyrotropin-releasing hormone, or combinations thereof.
In another aspect, the CNS modulating agent 1s a salt or
prodrug of the CNS modulating agent. In other aspects, the
CNS modulating agent 1s meclizine, diphenhydramine,
dimenhydrinate, loratadine, quetiapine, mepyramine, piper-
oxan, antazoline, carbimnoxamine, doxylamine, clemastine,
pheniramine, chlorphenamine, chlorpheniramine, dexchlo-
rpheniramine, bromphemiramine, triprolidine, cyclizine,
chlorcyclizine, hydroxyzine, promethazine, alimemazine,
trimeprazine, cyproheptadine, azatadine, ketotifen, oxato-
mide, meclizine hydrochloride, promethazine hydrochlo-
ride, cinnarizine, hydroxyzine pamoate, betahistine dihydro-
chloride, alprazolam, bromazepam, brotizolam,
chlordiazepoxide, clonazepam, clorazepate, diazepam, esta-
zolam, flunitrazepam, flurazepam, loprazolam, lorazepam,
lormetazepam, 1dazolam, nimetazepam, nitrazepam, oxaze-
pam, prazepam, temazepam, triazolam, clonazepam, diaz-
epam, lorazepam, furosemide, bumetanide, ethacrynic acid,
gabapentin, pregabalin, muscimol, baclofen, amitriptyline,
nortriptyline, trimipramine, fluoxetine, paroxetine, sertra-
line, glycopyrrolate, homatropine, scopolamine, atropine,
benzocaine, carticaine, cinchocaine, cyclomethycaine, lido-
caine, prilocaine, propxycaine, proparacaine, tetracaine,
tocainide, trimecaine, carbamazepine, oxcarbazepine, phe-
nytein, valproic acid, sodium valproate, cinnarizine, fluna-
rizine, nimodipine, thyrotropin-releasing hormone, or com-
binations thereof.

Also disclosed herein, in certain embodiments, 1s a
method for treating an otic disorder comprising administer-
ing a composition disclosed herein at least once every 3, 4,
5,6,7,8,9,10, 11, 12, 13, 14, or 15 days; at least once a
week, once every two weeks, once every three weeks, once
every four weeks, once every five weeks, or once every six
weeks; or at least once a month, once every two months,
once every three months, once every four months, once
every five months, once every six months, once every seven
months, once every eight months, once every mine months,
once every ten months, once every eleven months, or once
every twelve months. In particular embodiments, the con-
trolled-release compositions described herein provide a sus-
tained dose of a CNS modulating agent to the inner ear
between subsequent doses of the controlled-release compo-
sition. That 1s, taking one example only, 11 new doses of the
CNS modulating agent controlled-release composition are
administered via itratympanic injection to the round win-
dow membrane every 10 days, then the controlled-release
composition provides an effective dose of a CNS modulating
agent to the inner ear (e.g., across the round window
membrane) during that 10-day period.

In one aspect, the composition 1s administered so that the
composition 1s 1n contact with the crista fenestrae cochleae,
the round window membrane or the tympanic cavity. In one
aspect the composition 1s administered by intratympanic
injection.

Provided herein are pharmaceutical compositions or
devices, comprising: a therapeutically effective amount of a
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CNS 1nhibitory agent having substantially low degradation
products; and wherein the composition or device comprises
two or more characteristics selected from:

(1) between about 0.1% to about 10% by weight of the
CNS modulating agent, or pharmaceutically acceptable
prodrug or salt thereof;

(11) between about 14% to about 21% by weight of a
polyoxyethylene-polyoxypropylene triblock copoly-
mer of general formula E106 P70 E106;

(111) sterile water, g.s., buflered to provide a pH between
about 5.5 and about 8.0:

(1v) multiparticulate CNS modulating agent;

(v) a gelation temperature between about 19° C. to about
42° C.;

(vi) less than about 50 colony forming units (cfu) of
microbiological agents per gram of composition, and

(vi1) less than about 5 endotoxin units (EU) per kg of body
welght of a subject.

In some embodiments, a pharmaceutical composition or

device described herein comprises:

(1) between about 0.1% to about 10% by weight of the
CNS modulating agent, or pharmaceutically acceptable
prodrug or salt thereof;

(11) between about 14% to about 21% by weight of a
polyoxyethylene-polyoxypropylene triblock copoly-
mer of general formula E106 P70 E106; and

(111) multiparticulate CNS modulating agent.

In some embodiments, a pharmaceutical composition or
device described herein comprises:

(1) between about 0.1% to about 10% by weight of the
CNS modulating agent, or pharmaceutically acceptable
prodrug or salt thereof;

(11) between about 14% to about 21% by weight of a
polyoxyethylene-polyoxypropylene triblock copoly-
mer of general formula E106 P70 E106;

(111) multiparticulate CNS modulating agent; and

(1v) a gelation temperature between about 19° C. to about
42° C.

In some embodiments, a pharmaceutical composition or
device described above provides a practical osmolarity
between about 150 and 500 mOsm/L.. In some embodiments,
a pharmaceutical composition or device described above
provides a practical osmolarity between about 200 and 400
mOsm/L. In some embodiments, a pharmaceutical compo-
sition or device described above provides a practical osmo-
larity between about 250 and 320 mOsm/L.

In some embodiments, the CNS modulating agent 1s
released from the pharmaceutical composition or device
described above for a period of at least 3 days. In some
embodiments, the CNS modulating agent 1s released from
the pharmaceutical composition or device described above
for a period of at least 5 days. In some embodiments, the
CNS modulating agent 1s released from the pharmaceutical
composition or device described above for a period of at
least 10 days. In some embodiments, the CNS modulating
agent 1s released from the pharmaceutical composition or
device described above for a period of at least 14 days. In
some embodiments, the CNS modulating agent 1s released
from the pharmaceutical composition or device described
above for a period of at least one month.

In some embodiments, a pharmaceutical composition or
device described above comprises a CNS modulating agent
as a neutral molecule, a free acid, a free base, a salt or a
prodrug. In some embodiments, a pharmaceutical composi-
tion or device described above comprises a CNS modulating
agent as a neutral molecule, a free acid, a free base, a salt or
a prodrug, or a combination thereof.
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In some embodiments, a pharmaceutical composition or
device described above comprises a CNS modulating agent
as multiparticulates. In some embodiments, a pharmaceuti-
cal composition or device described above comprises a CNS
modulating agent in the form of micronized particles. In
some embodiments, a pharmaceutical composition or device
described above comprises a CNS modulating agent as
micronized powders.

In some embodiments, a pharmaceutical composition or
device described above comprises about 10% of a polyoxy-
cthylene-polyoxypropylene triblock copolymer of general
formula E106 P70 E106 by weight of the composition. In
some embodiments, a pharmaceutical composition or device
described above comprises about 15% of a polyoxyethylene-
polyoxypropylene triblock copolymer of general formula
E106 P70 E106 by weight of the composition. In some
embodiments, a pharmaceutical composition or device
described above comprises about 20% of a polyoxyethylene-
polyoxypropylene triblock copolymer of general formula
E106 P70 E106 by weight of the composition. In some
embodiments, a pharmaceutical composition or device
described above comprises about 25% of a polyoxyethylene-
polyoxypropylene triblock copolymer of general formula
E106 P70 E106 by weight of the composition.

In some embodiments, a pharmaceutical composition or
device described herein comprises about 1% of a CNS
modulating agent, or pharmaceutically acceptable prodrug
or salt thereof, by weight of the composition. In some
embodiments, a pharmaceutical composition or device
described above comprises about 2% of a CNS modulating
agent, or pharmaceutically acceptable prodrug or salt
thereol, by weight of the composition. In some embodi-
ments, a pharmaceutical composition or device described
herein comprises about 3% of a CNS modulating agent, or
pharmaceutically acceptable prodrug or salt thereof, by
welght of the composition. In some embodiments, a phar-
maceutical composition or device described herein com-
prises about 4% of a CNS modulating agent, or pharmaceu-
tically acceptable prodrug or salt thereof, by weight of the
composition. In some embodiments, a pharmaceutical com-
position or device described above comprises about 5% of a
CNS modulating agent, or pharmaceutically acceptable
prodrug or salt thereof, by weight of the composition. In
some embodiments, a pharmaceutical composition or device
described above comprises about 10% of a CNS modulating
agent, or pharmaceutically acceptable prodrug or salt
thereol, by weight of the composition. In some embodi-
ments, a pharmaceutical composition or device described
above comprises about 15% of a CNS modulating agent, or
pharmaceutically acceptable prodrug or salt thereof, by
welght of the composition. In some embodiments, a phar-
maceutical composition or device described above com-
prises about 20% of a CNS modulating agent, or pharma-
ceutically acceptable prodrug or salt thereof, by weight of
the composition. In some embodiments, a pharmaceutical
composition or device described above comprises about
25% of a CNS modulating agent, or pharmaceutically
acceptable prodrug or salt thereof, by weight of the com-
position. In some embodiments, a pharmaceutical composi-
tion or device described above comprises about 30% of a
CNS modulating agent, or pharmaceutically acceptable
prodrug or salt thereof, by weight of the composition. In
some embodiments, a pharmaceutical composition or device
described above comprises about 40% of a CNS modulating
agent, or pharmaceutically acceptable prodrug or salt
thereol, by weight of the composition. In some embodi-
ments, a pharmaceutical composition or device described
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above comprises about 50% of a CNS modulating agent, or
pharmaceutically acceptable prodrug or salt thereof, by
weight of the composition. In some embodiments, a phar-
maceutical composition or device described above com-
prises about 60% of a CNS modulating agent, or pharma-
ceutically acceptable prodrug or salt thereof, by weight of
the composition. In some embodiments, a pharmaceutical
composition or device described above comprises about
70% of a CNS modulating agent, or pharmaceutically
acceptable prodrug or salt thereof, by weight of the com-
position. In some embodiments, a pharmaceutical composi-
tion or device described above comprises about 80% of a
CNS modulating agent, or pharmaceutically acceptable
prodrug or salt thereof, by weight of the composition. In
some embodiments, a pharmaceutical composition or device
described above comprises about 90% of a CNS modulating
agent, or pharmaceutically acceptable prodrug or salt
thereof, by weight of the composition.

In some embodiments, a pharmaceutical composition or
device described above has a pH between about 5.5 and
about 8.0. In some embodiments, a pharmaceutical compo-
sition or device described above has a pH between about 6.0
and about 8.0. In some embodiments, a pharmaceutical
composition or device described above has a pH between
about 6.0 and about 7.6.

In some embodiments, a pharmaceutical composition or
device described above contains less than 100 colony form-
ing units (cfu) of microbiological agents per gram of com-
position. In some embodiments, a pharmaceutical composi-
tion or device described above contains less than 350 colony
forming units (ciu) of microbiological agents per gram of
composition. In some embodiments, a pharmaceutical com-
position or device described above contains less than 10
colony forming units (cfu) of microbiological agents per
gram ol composition.

In some embodiments, a pharmaceutical composition or
device described above contains less than 5 endotoxin units
(EU) per kg of body weight of a subject. In some embodi-
ments, a pharmaceutical composition or device described
above contains less than 4 endotoxin units (EU) per kg of
body weight of a subject.

In some embodiments, a pharmaceutical composition or
device described above provides a gelation temperature
between about between about 19° C. to about 42° C. In some
embodiments, a pharmaceutical composition or device
described above provides a gelation temperature between
about between about 19° C. to about 37° C. In some
embodiments, a pharmaceutical composition or device
described above provides a gelation temperature between
about between about 19° C. to about 30° C.

In some embodiments, the pharmaceutical composition or
device 1s an auris-acceptable thermoreversible gel. In some
embodiments, the polyoxyethylene-polyoxypropylene tri-
block copolymer 1s biodegradable and/or bioeliminated
(c.g., the copolymer i1s eliminated from the body by a
biodegradation process, e€.g., elimination in the urine, the
teces or the like). In some embodiments, a pharmaceutical
composition or device described herein further comprises a
mucoadhesive. In some embodiments, a pharmaceutical
composition or device described herein further comprises a
penetration enhancer. In some embodiments, a pharmaceu-
tical composition or device described herein further com-
prises a thickening agent. In some embodiments, a pharma-
ceutical composition or device described herein further
comprises a dye.

In some embodiments, a pharmaceutical composition or
device described herein further comprises a drug delivery
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device selected from a needle and syringe, a pump, a
microinjection device, a wick, an in situ forming spongy
material or combinations thereof.

In some embodiments, a pharmaceutical composition or
device described herein 1s a pharmaceutical composition or
device wherein the CNS modulating agent, or pharmaceu-
tically acceptable salt thereof, has limited or no systemic
release, systemic toxicity, poor PK characteristics, or com-
binations thereof. In some embodiments, of the pharmaceu-
tical compositions or devices described herein, the CNS
modulating agent 1s 1n the form of a neutral molecule, a free
base, a free acid, a salt, a prodrug, or a combination thereof.
In some embodiments, of the pharmaceutical compositions
or devices described herein, the CNS modulating agent 1s
administered in the form of a phosphate or ester prodrug. In
some embodiments, pharmaceutical compositions or
devices described herein comprise one or more CNS modu-
lating agent, or pharmaceutically acceptable salt thereof,
prodrug or combination thereof as an immediate release
agent.

In some embodiments, pharmaceutical compositions or
devices described herein further comprise an additional
therapeutic agent. In some embodiments, the additional
therapeutic agent 1s a an acidifying agent, an anesthetic, an
analgesic, an antibiotic, antiemetic, an antifungal, an anti-
microbial agent, an antipsychotic (especially those in the
phenothiazine class), an antiseptic, an antiviral, an astrin-
gent, a chemotherapeutic agent, a collagen, a corticosteroid,
a diuretic, a keratolytic agent, a nitric oxide synthase imhibi-
tor, combinations thereof.

In some embodiments, pharmaceutical compositions or
devices described herein are pharmaceutical compositions
or devices wherein the pH of the pharmaceutical composi-
tion or device 1s between about 6.0 to about 7.6.

In some embodiments, of the pharmaceutical composi-
tions or devices described herein, the ratio of a polyoxyeth-
ylene-polyoxypropylene triblock copolymer of general for-
mula E106 P70 E106 to a thickening agent i1s from about
40:1 to about 5:1. In some embodiments, the thickening
agent 1s carboxymethyl cellulose, hydroxypropyl cellulose
or hydroxypropyl methylcellulose.

In some embodiments, the otic disease or condition 1s
endolymphatic hydrops, Kkinetosis, labyrinthitis, mal de
debarquement, Meniere’s disease, Meniere’s syndrome,
Ramsay Hunt’s syndrome (Herpes zoster infection), recur-
rent vestibulopathy, tinnitus, vertigo, microvascular com-
pression syndrome, utricular dysiunction, vestibular neu-
ronitis, benign paroxysmal positional vertigo, or
combinations thereof.

Also provided herein 1s a method of treating an oftic
disease or condition characterized by an excess of nerve
impulses comprising administering to an individual 1n need
thereof an intratympanic composition or device comprising,
a therapeutically eflective amount of a CNS inhibitory agent,
wherein the CNS inhibitory agent 1s in the form of a
substantially low degradation product; and wherein the
composition or device comprises two or more characteristics
selected from:

(1) between about 0.1% to about 10% by weight of the
CNS modulating agent, or pharmaceutically acceptable
prodrug or salt thereof;

(11) between about 14% to about 21% by weight of a
polyoxyethylene-polyoxypropylene triblock copoly-
mer of general formula E106 P70 E106;

(111) sterile water, qg.s., bullered to provide a pH between
about 5.5 and about 8.0;
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(1v) multiparticulate CNS modulating agent;
(v) a gelation temperature between about 19° C. to about
42° C.;

(vi) less than about 50 colony forming units (cfu) of

microbiological agents per gram of composition, and

(vi1) less than about 5 endotoxin units (EU) per kg of body

weight of a subject.

In some embodiments of the methods described herein,
the CNS modulating agent 1s released from the composition
or devices for a period of at least 3 days. In some embodi-
ments of the methods described herein, the CNS modulating
agent 1s released from the composition or device for a period
of at least 4 days. In some embodiments of the methods
described herein, the CNS modulating agent 1s released from
the composition or device for a period of at least 5 days. In
some embodiments of the methods described herein, the
CNS modulating agent 1s released from the composition or
device for a period of at least 6 days. In some embodiments
of the methods described herein, the CNS modulating agent
1s released from the composition or device for a period of at
least 7 days. In some embodiments of the methods described
herein, the CNS modulating agent 1s released from the
composition or device for a period of at least 8 days. In some
embodiments of the methods described herein, the CNS
modulating agent 1s released from the composition or device
for a period of at least 9 days. In some embodiments of the
methods described heremn, the CNS modulating agent 1s
released from the composition or device for a period of at
least 10 days. In some embodiments of the method described
above, the CNS modulating agent 1s essentially in the form
ol micronized particles.

In some embodiments of the methods described herein,
the composition 1s administered across the round window. In
some embodiments of the methods described herein, the otic
disease or condition 1s endolymphatic hydrops, kinetosis,
labyrinthitis, mal de debarquement, Meniere’s disease,
Meniere’s syndrome, Ramsay Hunt’s syndrome (Herpes
zoster infection), recurrent vestibulopathy, tinnitus, vertigo,
microvascular compression syndrome, utricular dysfunc-
tion, vestibular neuronitis, benign paroxysmal positional
vertigo, or combinations thereof.

BRIEF DESCRIPTION OF FIGURES

FIG. 1 1llustrates a comparison of non-sustained release
and sustained release compositions.

FIG. 2 1illustrates the eflect of concentration on the vis-
cosity of aqueous solutions of Blanose refined CMC.

FIG. 3 illustrates the eflect of concentration on the vis-
cosity of aqueous solutions of Methocel.

FIG. 4 provides an illustrative representation of the
anatomy of the ear.

DETAILED DESCRIPTION OF TH.
INVENTION

L1l

Provided herein are controlled-release CNS modulating
agent compositions and compositions to treat (e.g., amelio-
rate or reduce the eflects of) an otic disease, disorder, or
condition characterized by an excess of nerve impulses. In
some embodiments, the CNS modulating agent 1s a CNS
inhibitory agent. In some embodiments, the otic disease,
disorder, or condition 1s endolymphatic hydrops, kinetosis,
labyrinthitis, mal de debarquement, Meniere’s disease,
Meniere’s syndrome, Ramsay Hunt’s syndrome (Herpes
zoster 1infection), recurrent vestibulopathy, tinnitus, vertigo,
microvascular compression syndrome, utricular dysfunc-
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tion, vestibular neuronitis, benign paroxysmal positional
vertigo, or combinations thereof.

A few therapeutic products are available for the treatment
ol otic disorders; however, systemic routes via oral, intra-
venous or intramuscular routes are currently used to deliver
these therapeutic agents. In some 1nstances, systemic drug
administration creates a potential mnequality 1n drug concen-
tration with higher circulating levels 1n the serum, and lower
levels 1n the target auris media and auris interna organ
structures. As a result, fairly large amounts of drug are
required to overcome this imequality 1n order to deliver
suflicient, therapeutically eflective quantities to the inner
car. In addition, systemic drug administration may increase
the likelihood of systemic toxicities and adverse side eflects
as a result of the high serum amounts required to eflectuate
suilicient local delivery to the target site. Systemic toxicities
may also occur as a result of liver breakdown and processing
of the therapeutic agents, forming toxic metabolites that
cllectively erase any benefit attained from the administered
therapeutic.

To overcome the toxic and attendant side eflects of
systemic delivery, disclosed herein are methods and com-
positions and devices for local delivery of therapeutic agents
to targeted auris structures. Access to, for example, the
vestibular and cochlear apparatus will occur through the
auris media including round window membrane, the oval
window/stapes footplate, the annular ligament and through
the otic capsule/temporal bone.

Intratympanic ijection of therapeutic agents 1s the tech-
nique of injecting a therapeutic agent behind the tympanic
membrane into the auris media and/or auris interna. This
technique presents several challenges; for example, access
to the round window membrane, the site of drug absorption
into the auris interna, 1s challenging.

Further, intra-tympanic injections create several unrecog-
nized problems not addressed by currently available treat-
ment regimens, such as changing the osmolarity and pH of
the perilymph and endolymph, and introducing pathogens
and endotoxins that directly or indirectly damage inner ear
structures. One of the reasons the art may not have recog-
nized these problems is that there are no approved intra-
tympanic compositions: the mner ear provides sui generis
composition challenges. Thus, compositions developed for
other parts of the body have little to no relevance for an
intra-tympanic composition.

There 1s no guidance 1n the prior art regarding require-
ments (e.g., level of sterility, pH, osmolarity) for otic com-
positions that are suitable for administration to humans.
There 1s wide anatomical disparity between the ears of
amimals across species. A consequence of the inter-species
differences 1n auditory structures 1s that animal models of
inner ear disease are often unreliable as a tool for testing
therapeutics that are being developed for clinical approval.

Provided herein are otic compositions that meet stringent
criteria for pH, osmolarity, 1onic balance, sterility, endotoxin
and/or pyrogen levels. The auris compositions described
herein are compatible with the microenvironment of the
inner ear (e.g., the perilymph) and are suitable for admin-
istration to humans. In some embodiments, the compositions
described herein comprise dyes and aid visualization of the
administered compositions obviating the need for invasive
procedures (e.g., removal of perilymph) during preclimical
and/or climical development of intratympanic therapeutics.

Provided herein are controlled-release CNS modulating
agent compositions and compositions to locally treat tar-
geted auris structures, thereby avoiding side eflects as a
result of systemic administration of the CNS modulating
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agent compositions and compositions. The locally applied
CNS modulating agent compositions and compositions and
devices are compatible with the targeted auris structures, and
administered either directly to the desired targeted auris
structure (e.g., the cochlear region, the tympanic cavity or
the external ear), or administered to a structure in direct
communication with areas of the auris interna (e.g., the
round window membrane, the crista fenestrae cochleae or
the oval window membrane). By specifically targeting an
auris structure, adverse side eflects as a result of systemic
treatment are avoided. Moreover, clinical studies have
shown the benefit of having long term exposure of drug to
the perilymph of the cochlea, for example with improved
clinical eflicacy of sudden hearing loss when the therapeutic
agent 1s given on multiple occasions. Thus, by providing a
controlled-release CNS modulating composition or compo-
sition to treat otic disorders, a constant, variable and/or
extended source of a CNS modulating agent 1s provided to
the subject suflering from an otic disorder, reducing or
climinating uncertainty 1n treatment. Accordingly, one
embodiment disclosed herein 1s to provide a composition
that enables at least one CNS modulating agent to be
released in therapeutically effective doses either at variable
or constant rates such as to ensure a continuous release of a
CNS modulating agent. In some embodiments, a CNS
modulating agent disclosed herein 1s administered as an
immediate release composition or composition. In other
embodiments, a CNS modulating agent 1s administered as a
sustained release composition, released either continuously,
variably or 1n a pulsatile manner, or variants thereof. In still
other embodiments, a CNS modulating agent composition 1s
administered as both an immediate release and sustained
release composition, released either continuously, variably
or 1n a pulsatile manner, or variants thereof. The release 1s
optionally dependent on environmental or physiological
conditions, for example, the external 1onic environment (see,
¢.g. Oros® release system, Johnson & Johnson).

In addition, localized treatment of the targeted auris
structure also affords the use of previously undesired thera-
peutic agents, including agents with poor pK profiles, poor
uptake, low systemic release and/or toxicity 1ssues. Because
of the localized targeting of the CNS modulating agent
compositions and compositions and devices, as well as the
biological blood barrier present 1n the auris interna, the risk
ol adverse eflects will be reduced as a result of treatment
with previously characterized toxic or ineflective CNS
modulating agents. Accordingly, also contemplated within
the scope of the embodiments herein i1s the use of a CNS
modulating agents in the treatment of disorders that have
been previously rejected by practitioners because of adverse
cllects or ineflectiveness of the CNS modulating agent.

Also included within the embodiments disclosed herein 1s
the use of additional auris-compatible agents in combination
with the CNS modulating agent compositions and compo-
sitions and devices disclosed herein. When used, such agents
assist 1n the treatment of hearing or equilibrium loss or
dysfunction as a result of endolymphatic hydrops, kinetosis,
labyrinthitis, mal de debarquement, Meniere’s disease,
Meniere’s syndrome, Ramsay Hunt’s syndrome (Herpes
zoster 1infection), recurrent vestibulopathy, tinnitus, vertigo,
microvascular compression syndrome, utricular dysfunc-
tion, vestibular neuronitis, benign paroxysmal positional
vertigo, or combinations thereof. Accordingly, additional
agents that ameliorate or reduce the effects of endolymphatic
hydrops, kinetosis, labyrinthitis, mal de debarquement,
Meniere’s disease, Meniere’s syndrome, Ramsay Hunt’s
syndrome (Herpes zoster infection), recurrent vestibulopa-
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thy, tinnitus, vertigo, microvascular compression syndrome,
utricular dystunction, vestibular neuronitis, benign paroxys-

mal positional vertigo, or combinations thereol are also
contemplated to be used 1n combination with a CNS modu-
lating agent. In some embodiments, the additional agent 1s
an acidilying agent, an anesthetic, an analgesic, an antibi-
otic, antiemetic, an antifungal, an anti-microbial agent, an
antipsychotic (especially those in the phenothiazine class),
an antiseptic, an antiviral, an astringent, a chemotherapeutic
agent, a collagen, a corticosteroid, a diuretic, a keratolytic
agent, a nitric oxide synthase inhibitor, or combinations
thereol.

In some embodiments, an auris-acceptable controlled-
release CNS modulating composition described herein 1s
administered to the target ear region and an oral dose of a
CNS modulating agent 1s additionally administered. In some
embodiments, an oral dose of a CNS modulating agent 1s
administered before administration of the auris-acceptable
controlled-release CNS modulating composition, and then
the oral dose 1s tapered ofl over the period of time that the
controlled-release CNS modulating composition 1s pro-
vided. Alternatively, an oral dose of a CNS modulating agent
1s adminmistered during administration of the controlled-
release CNS modulating composition, and then the oral dose
1s tapered ofl over the period of time that the controlled-
release CNS modulating composition 1s provided. Alterna-
tively, an oral dose of a CNS modulating agent 1s adminis-
tered after administration of the controlled-release CNS
modulating composition, and then the oral dose 1s tapered
ofl over the period of time that the controlled-release CNS
modulating composition 1s provided.

In addition, the CNS modulating agent pharmaceutical
compositions or compositions or devices included herein
also include carriers, adjuvants (e.g., preserving, stabilizing,
wetting or emulsiiying agents), solution promoters, salts for
regulating the osmotic pressure, and/or builers. Such carri-
ers, adjuvants, and other excipients will be compatible with
the environment 1n the targeted auris structure(s). Specifi-
cally contemplated are carriers, adjuvants and excipients
that lack ototoxicity or are mimimally ototoxic 1n order to
allow effective treatment of the otic disorders contemplated
herein with minimal side effects in the targeted regions or
areas. To prevent ototoxicity, CNS modulating agent phar-
maceutical compositions or compositions or devices dis-
closed herein are optionally targeted to distinct regions of
the targeted auris structures, including but not limited to the
tympanic cavity, vestibular bony and membranous laby-
rinths, cochlear bony and membranous labyrinths and other
anatomical or physiological structures located within the
auris interna.

Certain Definitions

The term “auris-acceptable” with respect to a composi-
tion, composition or ngredient, as used herein, ncludes
having no persistent detrimental effect on the auris media (or
middle ear) and the auris interna (or inner ear) of the subject
being treated. By “‘auris-pharmaceutically acceptable,” as
used herein, refers to a material, such as a carrier or diluent,
which does not abrogate the biological activity or properties
of the compound 1n reference to the auris media (or middle
car) and the auris interna (or inner ear), and 1s relatively or
1s reduced 1n toxicity to the auris media (or middle ear) and
the auris interna (or ner ear), 1.e., the maternial 1s admin-
istered to an 1ndividual without causing undesirable biologi-
cal eflects or interacting in a deleterious manner with any of
the components of the composition in that 1t 1s contained.
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As used herein, amelioration or lessening of the symp-
toms of a particular otic disease, disorder or condition by
administration of a particular compound or pharmaceutical
composition refers to any decrease of seventy, delay 1n
onset, slowing of progression, or shorteming of duration,
whether permanent or temporary, lasting or transient that 1s
attributed to or associated with administration of the com-
pound or composition.

“Antioxidants” are auris-pharmaceutically acceptable
antioxidants, and include, for example, butylated hydroxy-
toluene (BHT), sodium ascorbate, ascorbic acid, sodium
metabisulfite and tocopherol. In certain embodiments, anti-
oxidants enhance chemical stability where required. Anti-
oxidants are also used to counteract the ototoxic effects of
certain therapeutic agents, including agents that are used 1n
combination with the CNS modulating agents disclosed
herein.

“Auris interna” refers to the inner ear, including the
cochlea and the vestibular labyrinth, and the round window
that connects the cochlea with the middle ear.

“Auris-bioavailability” or “Auris-interna bioavailability
or “Auris-media bioavailability” or “Auris-externa bioavail-
ability” refers to the percentage of the administered dose of
compounds disclosed herein that becomes available 1n the
targeted auris structure of the animal or human being stud-
1ed.

“Aurts media” refers to the middle ear, including the
tympanic cavity, auditory ossicles and oval window, which
connects the middle ear with the inner ear.

“Auris externa” refers to the outer ear, including the
pinna, the auditory canal, and the tympanic membrane,
which connects the outer ear with the middle ear.

“Balance disorder” refers to a disorder, 1llness, or condi-
tion that causes a subject to feel unsteady, or to have a
sensation of movement. Included 1n this definition are diz-
ziness, vertigo, disequilibrium, and pre-syncope. Diseases
that are classified as balance disorders include, but are not
limited to, Ramsay Hunt’s Syndrome, Memere’s Disease,
mal de debarquement, benign paroxysmal positional vertigo,
and labyrinthitis.

“Blood plasma concentration” refers to the concentration
of compounds provided herein 1n the plasma component of
blood of a subject.

“Carrner materials™ are excipients that are compatible with
CNS modulating agent(s), the targeted auris structure(s) and
the release profile properties of the auris-acceptable phar-
maceutical compositions. Such carrier materials include,
¢.g., binders, suspending agents, disintegration agents, fill-
ing agents, surfactants, solubilizers, stabilizers, lubricants,
wetting agents, diluents, and the like. “Auris-pharmaceuti-
cally compatible carrier materials” include, but are not
limited to, acacia, gelatin, colloidal silicon dioxide, calcium
glycerophosphate, calctum lactate, maltodextrin, glycerine,
magnesium silicate, polyvinylpyrrolidone (PVP), choles-
terol, cholesterol esters, sodium casemate, soy lecithin,
taurocholic acid, phosphatidylcholine, sodium chloride, tri-
calctum phosphate, dipotassium phosphate, cellulose and
cellulose conjugates, sugars sodium stearoyl lactylate, car-
rageenan, monoglyceride, diglyceride, pregelatinized starch,
and the like.

“CNS modulator” and “CNS modulating agent™ are syn-
onyms. They refer to agents that decrease, diminish, par-
tially suppress, fully suppress, ameliorate, antagonize, ago-
nize, stimulate or increase the activity of the CNS. For
example, they may increase the activity of GABA by, for
example, increasing the sensitivity of the GABA receptors,
or they may alter the depolarization in neurons.

2
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The term “diluent” refers to chemical compounds that are
used to dilute the CNS modulating agent prior to delivery
and that are compatible with the targeted auris structure(s).

“Dispersing agents,” and/or “viscosity modulating
agents” are materials that control the diffusion and homo-
genelty of the CNS modulating agent through liquid media.
Examples of diffusion facilitators/dispersing agents include
but are not limited to hydrophilic polymers, electrolytes,
Tween® 60 or 80, PEG, polyvinylpyrrolidone (PVP; com-
mercially known as Plasdone®), and the carbohydrate-based

dispersing agents such as, for example, hydroxypropyl cel-
luloses (e.g., HPC, HPC-SL, and HPC-L), hydroxypropyl

methylcelluloses (e.g., HPMC K100, HPMC K4M, HPMC
K15M, and HPMC KI100M), carboxymethylcellulose
sodium, methylcellulose, hydroxyethylcellulose, hydroxy-
propylcellulose, hydroxypropylmethylcellulose phthalate,
hydroxypropylmethylcellulose acetate stearate (HPMCAS),
noncrystalline cellulose, magnesium aluminum silicate, tri-
cthanolamine, polyvinyl alcohol (PVA), vinyl pyrrolidone/
vinyl acetate copolymer (5630), 4-(1,1,3,3-tetramethyl-
butyl)-phenol polymer with ethylene oxide and
tormaldehyde (also known as tyloxapol), poloxamers (e.g.,
Pluronic F127, Pluronics F68®, FE®, and F108®, which
are block copolymers of ethylene oxide and propylene
oxide); and poloxamines (e.g., Tetronic 908®, also known as
Poloxamine 908®, which 1s a tetratunctional block copoly-
mer derived from sequential addition of propylene oxide and
cthylene oxide to ethylenediamine (BASF Corporation, Par-
sippany, N.J.)), polyvinylpyrrolidone K12, polyvinylpyrroli-
done K17, polyvinylpyrrolidone K25, or polyvinylpyrroli-
done K30, polyvinylpyrrolidone/vinyl acetate copolymer
(S-630), polyethylene glycol, e.g., the polyethylene glycol
has a molecular weight of about 300 to about 6000, or about
3350 to about 4000, or about 7000 to about 5400, sodium
carboxymethylcellulose, methylcellulose, polysorbate-80,
sodium alginate, gums, such as, e.g., gum tragacanth and
gum acacia, guar gum, xanthans, including xanthan gum,
sugars, cellulosics, such as, e.g., sodium carboxymethylcel-
lulose, methylcellulose, sodium carboxymethylcellulose,
polysorbate-80, sodium alginate, polyethoxylated sorbitan
monolaurate, polyethoxylated sorbitan monolaurate, povi-
done, carbomers, polyvinyl alcohol (PVA), alginates, chito-
sans and combinations thereof. Plasticizers such as cellulose
or triethyl cellulose are also be used as dispersing agents.
Optional dispersing agents useful 1n liposomal dispersions
and self-emulsitying dispersions of the CNS modulating
agents disclosed herein are dimyristoyl phosphatidyl cho-
line, phosphatidyl cholines (c8-c18), phosphatidylethano-
lamines (c8-c18), phosphatidyl glycerols (¢8-c18), natural
phosphatidyl choline from eggs or soy, natural phosphatidyl
glycerol from eggs or soy, cholesterol and i1sopropyl
myristate.

“Drug absorption” or “absorption” refers to the process of
movement of the CNS modulating agent(s) from the local-
1zed site of administration, by way of example only, the
round window membrane of the inner ear, and across a
barrier (the round window membranes, as described below)
into the auris interna or inner ear structures. The terms
“co-administration’ or the like, as used herein, are meant to
encompass administration of the CNS modulating agents to
a single patient, and are intended to include treatment
regimens 1n that the CNS modulating agents are adminis-
tered by the same or diflerent route of administration or at
the same or different time.

The terms “eflective amount” or “therapeutically effective
amount,” as used herein, refer to a suflicient amount of the
CNS modulating agents being administered that would be
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expected to relieve to some extent one or more of the
symptoms of the disease or condition being treated. For
example, the result of administration of the CNS modulating
agents disclosed herein 1s reduction and/or alleviation of the
signs, symptoms, or causes of Meniere’s disease. For
example, an “eflective amount” for therapeutic uses 1s the
amount of the CNS modulating agent, including a compo-
sition as disclosed herein required to provide a decrease or
amelioration 1n disease symptoms without undue adverse
side eflects. The term “therapeutically effective amount”
includes, for example, a prophylactically eflective amount.
An “eflective amount” of a CNS modulating agent compo-
sition disclosed herein 1s an amount effective to achieve a
desired pharmacologic ellect or therapeutic improvement
without undue adverse side effects. It 1s understood that “an
cllective amount™ or “a therapeutically effective amount™
varies, 1n some embodiments, from subject to subject, due to
variation 1n metabolism of the compound administered, age,
weight, general condition of the subject, the condition being
treated, the severity of the condition being treated, and the
judgment of the prescribing physician. It 1s also understood
that “an eflective amount” 1n an extended-release dosing
format may differ from “an eflective amount” 1n an imme-
diate-release dosing format based upon pharmacokinetic and
pharmacodynamic considerations.

The terms “enhance” or “enhancing” refers to an increase
or prolongation of either the potency or duration of a desired
cllect of the CNS modulating agent, or a diminution of any
adverse symptoms such as localized pain that 1s consequent
upon administration of the therapeutic agent. Thus, 1n regard
to enhancing the eflect of the CNS modulating agents
disclosed herein, the term “enhancing” refers to the ability
to increase or prolong, either i potency or duration, the
cllect of other therapeutic agents that are used 1n combina-
tion with the CNS modulating agents disclosed herein. An
“enhancing-eflective amount,” as used herein, refers to an
amount of a CNS modulating agents, or other therapeutic
agent, which 1s adequate to enhance the eflect of another
therapeutic agent or CNS modulating agents i a desired
system. When used 1n a patient, amounts etfective for this
use will depend on the severity and course of the disease,
disorder or condition, previous therapy, the patient’s health
status and response to the drugs, and the judgment of the
treating physician.

The term “inhibiting” includes preventing, slowing, or
reversing the development of a condition, for example,
Meniere’s disease, or advancement of a condition 1n a
patient necessitating treatment.

The terms “kit” and “article of manufacture™ are used as
SYynonyms.

“Modulator of the GABA , receptor,” “modulator of the
GABA receptor,” “GABA, receptor modulator,” and
“GABA receptor modulator,” are synonyms. They refer to
substances that modulate the activity of the GABA neu-
rotransmitter, by, for example, increasing the sensitivity of
the GABA receptor to GABA. “Pharmacodynamics” refers
to the factors that determine the biologic response observed
relative to the concentration of drug at the desired site within
the targeted auris structure.

“Pharmacokinetics” refers to the factors that determine
the attainment and maintenance of the appropriate concen-
tration ol drug at the desired site within the targeted auris
structure.

In prophylactic applications, compositions containing the
CNS modulators described herein are administered to a
patient susceptible to or otherwise at risk of a particular
disease, disorder or condition, for example, tinnitus, or
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patients that are suflering from diseases associated with
tinmitus, including by way of example only, benign parox-
ysmal positions vertigo, labyrinthitis, Meniere’s Disease,
and vestibular neuronitis. Such an amount 1s defined to be a
“prophylactically effective amount or dose.” In this use, the
precise amounts also depend on the patient’s state of health,
weight, and the like. As used herein, a “pharmaceutical
device” includes any composition described herein that,
upon administration to an ear, provides a reservolr for
extended release of an active agent described herein.

A “prodrug” refers to the CNS modulating agent that 1s
converted into the parent drug 1n vivo. In certain embodi-
ments, a prodrug 1s enzymatically metabolized by one or
more steps or processes to the biologically, pharmaceutically
or therapeutically active form of the compound. To produce
a prodrug, a pharmaceutically active compound 1s modified
such that the active compound will be regenerated upon 1n
vivo administration. In one embodiment, the prodrug 1s
designed to alter the metabolic stability or the transport
characteristics of a drug, to mask side eflects or toxicity, or
to alter other characteristics or properties of a drug. Com-
pounds provided herein, in some embodiments, are deriva-
tized 1nto suitable prodrugs.

“Round window membrane” 1s the membrane 1n humans
that covers the fenestrae cochlea (also known as the circular
window, fenestrae rotunda, or round window). In humans,
the thickness of round window membrane 1s about 70
micron.

“Solubilizers™ refers to auris-acceptable compounds such
as triacetin, tricthylcitrate, ethyl oleate, ethyl caprylate,
sodium lauryl sulfate, sodium caprate, sucrose esters, alkyl-
glucosides, sodium doccusate, vitamin E TPGS, dimethyl-
acetamide, N-methylpyrrolidone, N-hydroxyethylpyrroli-
done, polyvinylpyrrolidone, hydroxypropylmethyl
cellulose, hydroxypropyl cyclodextrins, ethanol, n-butanol,
1sopropyl alcohol, cholesterol, bile salts, polyethylene glycol
200-600, glycoturol, transcutol, propylene glycol, and dim-
cthyl 1sosorbide and the like.

“Stabilizers™ refers to compounds such as any antioxida-
tion agents, butlers, acids, preservatives and the like that are
compatible with the environment of the targeted auris struc-
ture. Stabilizers include but are not limited to agents that waill
do any of (1) improve the compatibility of excipients with a
container, or a delivery system, including a syringe or a glass
bottle, (2) improve the stability of a component of the
composition, or (3) improve composition stability.

As used herein, the term “substantially low degradation
products” means less than 5% by weight of the active agent
are degradation products of the active agent. In further
embodiments, the term means less than 3% by weight of the
active agent are degradation products of the active agent. In
yet further embodiments, the term means less than 2% by
weilght of the active agent are degradation products of the
active agent. In further embodiments, the term means less
than 1% by weight of the active agent are degradation
products of the active agent.

“Steady state,” as used herein, 1s when the amount of drug,
administered to the targeted auris structure 1s equal to the
amount of drug eliminated within one dosing interval result-
ing in a plateau or constant levels of drug exposure within
the targeted structure.

As used herein, the term “subject” 1s used to mean any
amimal, preferably a mammal, including a human or non-
human. The terms patient and subject may be used inter-
changeably. Neither term 1s to be interpreted as requiring the
supervision of a medical professional (e.g., a doctor, nurse,
physician’s assistant, orderly, hospice worker).
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“Surfactants™ refers to compounds that are auris-accept-
able, such as sodium lauryl sulfate, sodium docusate,
Tween® 60 or 80, triacetin, vitamin E TPGS, sorbitan
monooleate, polyoxyethylene sorbitan monooleate, polysor-
bates, polaxomers, bile salts, glyceryl monostearate, copo-
lymers of ethylene oxide and propylene oxide, e.g.,
Pluronic® (BASF), and the like. Some other surfactants
include polyoxyethylene fatty acid glycerides and vegetable
oils, e.g., polyoxyethylene (60) hydrogenated castor oil; and
polyoxyethylene alkylethers and alkylphenyl ethers, e.g.,
octoxynol 10, octoxynol 40. In some embodiments, surfac-
tants are included to enhance physical stability or for other

pUrposes.
The terms “treat,” ““treating” or “treatment,” as used

herein, include alleviating, abating or ameliorating a disease
or condition symptoms, preventing additional symptoms,
ameliorating or preventing the underlying metabolic causes
of symptoms, inhibiting the disease or condition, e.g., arrest-
ing the development of the disease or condition, relieving
the disease or condition, causing regression of the disease or
condition, relieving a condition caused by the disease or
condition, or stopping the symptoms of the disease or
condition either prophylactically and/or therapeutically.

Other objects, features, and advantages of the methods
and compositions described herein will become apparent
from the following detailed description. It should be under-
stood, however, which the detailed description and the
specific examples, while indicating specific embodiments,
are given by way of illustration only.

Anatomy of the Ear

As shown 1n FIG. 4, the outer ear 1s the external portion
of the organ and 1s composed of the pina (auricle), the
auditory canal (external auditory meatus) and the outward
facing portion of the tympanic membrane, also known as the
car drum. The pinna, which 1s the tleshy part of the external
ear that 1s visible on the side of the head, collects sound
waves and directs them toward the auditory canal. Thus, the
function of the outer ear, 1n part, 1s to collect and direct
sound waves towards the tympanic membrane and the
middle ear.

The middle ear 1s an air-filled cavity, called the tympanic
cavity, behind the tympanic membrane. The tympanic mem-
brane, also known as the ear drum, 1s a thin membrane that
separates the external ear from the middle ear. The middle
car lies within the temporal bone, and includes within this
space the three ear bones (auditory ossicles): the malleus, the
incus and the stapes. The auditory ossicles are linked
together via tiny ligaments, which form a bridge across the
space of the tympanic cavity. The malleus, which 1s attached
to the tympanic membrane at one end, 1s linked to the 1ncus
at 1ts anterior end, which 1n turn 1s linked to the stapes. The
stapes 1s attached to the oval window, one of two windows
located within the tympanic cavity. A fibrous tissue laver,
known as the annular ligament connects the stapes to the
oval window. Sound waves {from the outer ear first cause the
tympanic membrane to vibrate. The vibration 1s transmitted
across to the cochlea through the auditory ossicles and oval
window, which transters the motion to the fluids in the auris
interna. Thus, the auditory ossicles are arranged to provide
a mechanical linkage between the tympanic membrane and
the oval window of the fluid-filled auris interna, where
sound 1s transformed and transduced to the auris interna for
turther processing. Stifiness, rigidity or loss of movement of
the auditory ossicles, tympanic membrane or oval window
leads to hearing loss, e.g. otosclerosis, or rigidity of the
stapes bone.
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The tympanic cavity also connects to the throat via the
custachian tube. The eustachian tube provides the ability to
equalize the pressure between the outside air and the middle
car cavity. The round window, a component of the auris
interna but that 1s also accessible within the tympanic cavity,
opens 1nto the cochlea of the auris interna. The round
window 1s covered by round window membrane, which
consists of three layers: an external or mucous layer, an
intermediate or fibrous layer, and an internal membrane,
which communicates directly with the cochlear fluid. The
round window, therefore, has direct communication with the
auris interna via the internal membrane.

Movements 1n the oval and round window are intercon-
nected, 1.e. as the stapes bone transmits movement from the
tympanic membrane to the oval window to move inward
against the auris mterna flmd, the round window (round
window membrane) 1s correspondingly pushed out and away
from the cochlear fluid. This movement of the round win-
dow allows movement of fluid within the cochlea, which
leads 1n turn to movement of the cochlear inner hair cells,
allowing hearing signals to be transduced. Stifiness and
rigidity in round window membrane leads to hearing loss
because of the lack of ability of movement 1n the cochlear
fluid. Recent studies have focused on implanting mechanical
transducers onto the round window, which bypasses the
normal conductive pathway through the oval window and
provides amplified input into the cochlear chamber.

Auditory signal transduction takes place in the aurs
interna. The fluid-filled auris interna, or 1nner ear, consists of
two major components: the cochlear and the vestibular
apparatus. The auris interna 1s located 1in part within the
osseous or bony labyrinth, an intricate series of passages 1n
the temporal bone of the skull. The vestibular apparatus 1s
the organ of balance and consists of the three semi-circular
canals and the vestibule. The three semi-circular canals are
arranged relative to each other such that movement of the
head along the three orthogonal planes 1 space can be
detected by the movement of the fluid and subsequent signal
processing by the sensory organs of the semi-circular canals,
called the Crista ampullaris. The Crista ampullaris contains
hair cells and supporting cells, and 1s covered by a dome-
shaped gelatinous mass called the cupula. The hairs of the
hair cells are embedded in the cupula. The semi-circular
canals detect dynamic equilibrium, the equilibrium of rota-
tional or angular movements.

When the head turns rapidly, the semicircular canals move
with the head, but endolymph fluid located in the membra-
nous semi-circular canals tends to remain stationary. The
endolymph fluid pushes against the cupula, which tilts to one
side. As the cupula tilts, 1t bends some of the hairs on the hair
cells of the Crista ampullaris, which triggers a sensory
impulse. Because each semicircular canal 1s located 1n a
different plane, the corresponding Crista ampullaris of each
semi-circular canal responds differently to the same move-
ment of the head. This creates a mosaic of impulses that are
transmitted to the central nervous system on the vestibular
branch of the vestibulocochlear nerve. The central nervous
system 1nterprets this information and initiates the appro-
priate responses to maintain balance. Of importance 1n the
central nervous system 1s the cerebellum, which mediates
the sense of balance and equilibrium.

The vestibule 1s the central portion of the auris interna and
contains mechanoreceptors bearing hair cells that ascertain
static equilibrium, or the position of the head relative to
gravity. Static equilibrium plays a role when the head 1is
motionless or moving 1n a straight line. The membranous
labyrinth 1n the vestibule 1s divided into two sac-like struc-
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tures, the utricle and the saccule. Fach structure in turn
contains a small structure called a macula, which 1s respon-
sible for maintenance of static equilibrium. The macula
consists of sensory hair cells, which are embedded 1n a
gelatinous mass (similar to the cupula) that covers the
macula. Grains of calcium carbonate, called otoliths, are
embedded on the surface of the gelatinous layer.

When the head 1s 1 an upright position, the hairs are
straight along the macula. When the head tilts, the gelatinous
mass and otoliths tilts correspondingly, bending some of the
hairs on the hair cells of the macula. This bending action
initiates a signal impulse to the central nervous system,
which travels via the vestibular branch of the vestibuloco-
chlear nerve, which 1n turn relays motor impulses to the
appropriate muscles to maintain balance.

The cochlea 1s the portion of the auris interna related to
hearing. The cochlea 1s a tapered tube-like structure that 1s
colled 1mto a shape resembling a snail. The inside of the
cochlea 1s divided into three regions, which 1s further
defined by the position of the vestibular membrane and the
basilar membrane. The portion above the vestibular mem-
brane 1s the scala vestibuli, which extends from the oval
window to the apex of the cochlea and contains perilymph
fluid, an aqueous liquid low 1n potassium and high 1n sodium
content. The basilar membrane defines the scala tympani
region, which extends from the apex of the cochlea to the
round window and also contains perilymph. The basilar
membrane contains thousands of stifl fibers, which gradu-
ally increase 1n length from the round window to the apex of
the cochlea. The fibers of the basement membrane vibrate
when activated by sound. In between the scala vestibuli and
the scala tympani i1s the cochlear duct, which ends as a
closed sac at the apex of the cochlea. The cochlear duct
contains endolymph fluid, which 1s similar to cerebrospinal
fluid and 1s high in potassium.

The organ of Corti, the sensory organ for hearing, 1s
located on the basilar membrane and extends upward into
the cochlear duct. The organ of Corti contains hair cells,
which have hairlike projections that extend from their free
surface, and contacts a gelatinous surface called the tectorial
membrane. Although hair cells have no axons, they are
surrounded by sensory nerve fibers that form the cochlear
branch of the vestibulocochlear nerve (cranial nerve VIII).

As discussed, the oval window, also known as the ellip-
tical window communicates with the stapes to relay sound
waves that vibrate from the tympanic membrane. Vibrations
transierred to the oval window increases pressure inside the
fluid-filled cochlea via the perilymph and scala vestibuli/
scala tympani, which in turn causes the round window
membrane to expand in response. The concerted inward
pressing ol the oval window/outward expansion of the round
window allows for the movement of fluid within the cochlea
without a change of intra-cochlear pressure. However, as
vibrations travel through the perilymph in the scala ves-
tibuli, they create corresponding oscillations 1n the vestibu-
lar membrane. These corresponding oscillations travel
through the endolymph of the cochlear duct, and transfer to
the basilar membrane. When the basilar membrane oscil-
lates, or moves up and down, the organ of Corti moves along
with 1t. The hair cell receptors 1n the Organ of Corti then
move against the tectorial membrane, causing a mechanical
deformation 1n the tectorial membrane. This mechanical
deformation initiates the nerve impulse that travels via the
vestibulocochlear nerve to the central nervous system,
mechanically transmitting the sound wave receirved nto
signals that are subsequently processed by the central ner-
vous system.
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Diseases

Otic disorders, including auris interna and auris media
disorders, produce symptoms that include but are not limited
to hearing loss, nystagmus, vertigo, tinnitus, intlammation,
swelling, infection and congestion. These disorders may
have many causes, such as infection, 1njury, inflammation,
tumors and adverse response to drugs or other chemical
agents.
Endolymphatic Hydrops

Endolymphatic hydrops refers to an increase in the
hydraulic pressure within the endolymphatic system of the
inner ear. The endolymph and perilymph are separated by
thin membranes that contain multiple nerves. Fluctuation in
the pressure stresses the membranes and the nerves they
house. If the pressure 1s great enough, disruptions may form
in the membranes. This results 1n a mixing of the fluids that
can lead to a depolarization blockade and transient loss of
tunction. Changes in the rate of vestibular nerve firing often
lead to vertigo. Further, the organ of Corti may also be
aflected. Distortions of the basilar membrane and the inner
and outer hair cells can lead to hearing loss and/or tinnitus.

Causes 1nclude metabolic disturbances, hormonal imbal-
ances, autoimmune disease, and viral, bacterial, or fungal
infections. Symptoms include hearing loss, vertigo, tinnitus,
and aural fullness. Nystagmus may also be present.
Kinetosis

Kinetosis, also known as motion sickness, 1s a condition
in that there 1s a disconnection between visually perceived
movement and the vestibular system’s sense of movement.
Dizziness, fatigue, and nausea are the most common symp-
toms ol kinetosis.
Labyrinthitis

Labyrinthitis 1s an inflammation of the labyrinths of the
car that contain the vestibular system of the inner ear. Causes
include bacterial, viral, and fungal infections. It may also be
caused by a head njury or allergies. Symptoms of labyrin-
thitis include dificulty maintaining balance, dizziness, ver-
t1go, tinnitus, and hearing loss. Recovery may take one to six
weeks; however, chronic symptoms may be present for
years.
Mal De Debarquement

Mal de debarquement 1s a condition that usually occurs
subsequent to a sustained motion event, for example, a
cruise, car trip, or airplane ride. It 1s characterized by a
persistent sense of motion, difliculty maintaining balance,
fatigue, and cognitive impairment. Symptoms may also
include dizziness, headaches, hyperacusis, and/or tinnitus.
Symptoms often last 1n excess of a month.
Meniere’s Disease

Meniere’s Disease 1s an i1diopathic condition character-
1zed by sudden attacks of vertigo, nausea and vomiting that
may last for 3 to 24 hours, and may subside gradually.
Progressive hearing loss, tinmitus and a sensation of pressure
in the ears accompanies the disease through time. The cause
of Meniere’s disease 1s likely related to an imbalance of
inner ear fluid homeostasis, including an increase 1n pro-
duction or a decrease 1n reabsorption of inner ear flud.

Studies of the vasopressin (VP)-mediated aquaporin 2
(AQP2) system 1n the mner ear suggest a role for VP 1n
inducing endolymph production, thereby increasing pres-
sure 1n the vestibular and cochlear structures. VP levels were
found to be upregulated in endolymphatic hydrops (Me-
niere’s Disease) cases, and chronic administration of VP in
guinea pi1gs was found to immduce endolymphatic hydrops.
Treatment with VP antagonists, including infusion of OPC-
31260 (a competitive antagonist of V,-R) imnto the scala
tympam resulted 1in a marked reduction of Meniere’s disease
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symptoms. Other VP antagonists include WAY-140288,
CL-385004, tolvaptan, comvaptan, SR 121463 A and VPA
085. (Sanghi et al. Eur. Heart (2005) 26:538-543; Palm et al.
Nephrol. Dial Transplant (1999) 14:2559-2562).

Other studies suggest a role for estrogen-related receptor
B/NR3B2 (ERR/Nr3b2) 1n regulating endolymph produc-
tion, and therefore pressure 1n the vestibular/cochlear appa-
ratus. Knock-out studies in mice demonstrate the role of the
protein product of the Nr3b2 gene 1n regulating endolymph
fluid production. Nr3b2 expression has been localized 1n the
endolymph-secreting strial marginal cells and vestibular
dark cells of the cochlea and vestibular apparatus, respec-
tively. Moreover, conditional knockout of the Nr3b2 gene
results 1n deatness and dimimished endolymphatic fluid
volume.

Meniere’s Syndrome

Meniere’s Syndrome, which displays similar symptoms
as Meniere’s disease, 1s attributed as a secondary aflliction
to another disease process, e.g. thyroid disease or inner ear
inflammation due to syphilis infection. Meniere’s syndrome,
thus, are secondary eflects to various process that interfere
with normal production or reabsorption of endolymph,
including endocrine abnormalities, electrolyte imbalance,
autoommune dysiunction, medications, infections (e.g. para-
sitic infections) or hyperlipidemia.

Ramsay Hunt’s Syndrome (Herpes Zoster Infection)

Ramsay Hunt’s Syndrome 1s caused by a herpes zoster
infection of the auditory nerve. The infection may cause
severe ear pain, hearing loss, vertigo, as well as blisters on
the outer ear, 1n the ear canal, as well as on the skin of the
face or neck supplied by the nerves. Facial muscles may also
become paralyzed 1t the facial nerves are compressed by the
swelling. Hearing loss may be temporary or permanent, with
vertigo symptoms usually lasting from several days to
weeks.

Recurrent Vestibulopathy

Recurrent vestibulopathy 1s a condition wherein the sub-
ject experiences multiple episodes of severe vertigo. The
episodes of vertigo may last for minutes or hours. Unlike
Meniere’s Disease, it 1s not accompanied by hearing loss. In
some cases 1t may develop into Meniere’s Disease or Benign
Paroxysmal Positional Vertigo.

Tinnitus

Tinnitus 1s defined as the perception of sound in the
absence of any external stimuli. It may occur in one or both
cars, continuously or sporadically, and 1s most often
described as a rninging sound. It 1s most often used as a
diagnostic symptom for other diseases. There are two types
of tinnitus: objective and subjective. The former 1s a sound
created in the body that 1s audible to anyone. The latter 1s
audible only to the affected individual. Studies estimate that
over 50 million Americans experience some form of tinni-
tus. Of those 50 million, about 12 million experience severe
tinnitus.

Vertigo

Vertigo 1s described as a feeling of spinning or swaying
while the body 1s stationary. There are two types of vertigo.
Subjective vertigo 1s the false sensation of movement of the
body. Objective vertigo 1s the perception that one’s sur-
rounding are in motion. It 1s often accompanied by nausea,
vomiting, and difficulty maintaining balance.

While not wishing to be bound by any one theory, 1t 1s
hypothesized that vertigo 1s caused by an over-accumulation
of endolymph. This fluid imbalance results 1n increased
pressure on the cells of the inner ear that leads to the
sensation of movement. The most common cause of vertigo
1s benign paroxysmal positional vertigo, or BPPV. It can also
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be brought on by a head injury, or a sudden change of blood
pressure. It 1s a diagnostic symptom ol several diseases
including superior canal dehiscence syndrome and
Meniere’s disease.

Microvascular Compression Syndrome

Microvascular compression syndrome (MCS), also called
also called ““vascular compression” and “‘neurovascular
compression, 1s a disorder characterized by vertigo and
tinnmitus. It 1s caused by the irritation of the VII Cranial Nerve
(also know as the vestibulocochlear nerve) by a blood
vessel. Other symptoms found in subjects with MCS
include, but are not limited to, severe motion intolerance,
and neuralgic like “quick spins”.

Utricular Dysfunction

The utricle 1s one of the two otoliths found in the
vestibular labyrinth. It 1s responsive to both gravity and
linear acceleration along the horizontal plane. Utricular
dysfunction 1s a disorder caused by damage to the utricle. It
1s often characterized by a subject’s perception of tilting or
imbalance.

Vestibular Neuronitis

Vestibular neuronitis, or vestibular neuropathy, 1s an
acute, sustained dysfunction of the peripheral vestibular
system. It 1s theorized that vestibular neuronaitis 1s caused by
a disruption of aflerent neuronal 1input from one or both of
the vestibular apparatuses. Sources of this disruption include
viral infection, and acute localized 1schemia of the vestibular
nerve and/or labyrinth.

The most significant finding when diagnosing vestibular
neuronitis 1s spontaneous, unidirectional, horizontal nystag-
mus. It 1s often accompanied by nausea, vomiting, and
vertigo. It 1s, generally, not accompamed by hearing loss or
other auditory symptoms.

Benign Paroxysmal Positional Vertigo

Benign paroxysmal positional vertigo 1s caused by the
movement of free floating calctum carbonate crystals (oto-
liths) from the utricle to one of the semicircular canals, most
often the posterior semicircular canal. Movement of the head
results 1n the movement of the otoliths causing abnormal
endolymph displacement and a resultant sensation of ver-
tigo. The episodes of vertigo usually last for about a minute
and are rarely accompanied by other auditory symptoms.
Pharmaceutical Agents

Provided herein are CNS modulating compositions or
compositions that ameliorate or lessen balance disorders
and/or tinnitus. Otic disorders have causes and symptoms
that are responsive to the pharmaceutical agents disclosed
herein, or other pharmaceutical agents. CNS modulating,
agents that are not disclosed herein but that are useful for the
amelioration or eradication of otic disorders are expressly
included and intended within the scope of the embodiments
presented.

In some embodiments, the CNS modulating agent 1s a
CNS 1inhibitory agent. In some embodiments, the CNS
inhibitory agent inhibits the transmission of a nerve impulse.
In some embodiments, the CNS 1nhibitory agent inhibits the
release of a neurotransmitter. In some embodiments, the
CNS 1inhibitory agent agonizes the activity of a GABA
receptor. In some embodiments, the CNS 1nhibitory agent
partially or fully inhibits the repolarization of a neuron. In
some embodiments, the CNS inhibitory agent disrupts the
conduction of an 1on channel.

Moreover, pharmaceutical agents that have been previ-
ously shown to be toxic, harmful or non-eflective during
systemic or localized application in other organ systems
(e.g., through toxic metabolites formed after hepatic pro-
cessing, toxicity of the drug in particular organs, tissues or
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systems, through high levels needed to achieve eflicacy,
through the mability to be released through systemic path-
ways or through poor pK characteristics) are contemplated
for use with any of the compositions disclosed herein.
Accordingly, pharmaceutical agents that have limited or no
systemic release, systemic toxicity, poor pK characteristics

or combinations thereof are contemplated within the scope
of the embodiments disclosed herein.

The CNS modulating compositions disclosed herein are
optionally targeted directly to otic structures where treat-
ment 1s needed; for example, one embodiment contemplated
1s the direct application of the CNS modulating composi-
tions disclosed herein onto the round window membrane or
the crista fenestrae cochlea of the auris interna, allowing
direct access and treatment of the auris interna, or inner ear
components. In other embodiments, the CNS modulating
composition disclosed herein 1s applied directly to the oval
window. In yet other embodiments, direct access 1s obtained
through microinjection directly into the auris interna, for
example, through cochlear micropertusion. Such embodi-
ments also optionally comprise a drug delivery device,
wherein the drug delivery device delivers the CNS modu-
lating compositions through use of a needle and syringe, a
pump, a microinjection device or any combination thereof.
In still other embodiments, application of the CNS modu-
lating composition 1s targeted to the auris media through
piercing of the intratympanic membrane and applying the
CNS modulating composition directly to the auris media
structures aflected, including the walls of the tympanic
cavity or auditory ossicles. By doing so, the CNS modulat-
ing compositions disclosed herein are confined to the tar-
geted auris media structure, and will not be lost, for
example, through diffusion or leakage through the eusta-
chian tube or pierced tympanic membrane.

Some pharmaceutical agents, either alone or 1n combina-
tion, are ototoxic. The localized application of the poten-
tially ototoxic drug lessens the toxic eflects that occur
through systemic application (e.g., through the use of lower
amounts with maintained eflicacy or the use of targeted
amounts for a shorter period of time).

Antihistamines

Contemplated for use with the compositions disclosed
herein are agents that ameliorate otic disorders, including
vestibular disorders and/or tinnitus, through local modula-
tion of central nervous system (CNS) activity. Accordingly,
some embodiments incorporate the use of agents that block
the action of neurotransmitters in the CNS. Histamine 1s a
neurotransmitter 1 the CNS. Accordingly, some embodi-
ments mncorporate the use of agents that modulate histamine
receptors (e.g. the H, receptor, H, receptor, and/or the H,
receptor).

Antihistamines that target the H, receptor include, but are
not limited to, meclizine, diphenhydramine, dimenhydri-
nate, loratadine and quetiapine. Other antihistamines include
mepyramine, piperoxan, antazoline, carbinoxamine, dox-
ylamine, clemastine, pheniramine, chlorphenamine, chlo-
rpheniramine, dexchlorpheniramine, brompheniramine,
triprolidine, cyclizine, chlorcyclizine, hydroxyzine, promet-<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>